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ABSTRACT 

Background: new Highly Sensitive Cardiac Troponin I assay (as hs-cTnI) represents an important advance with added 
sensitivity for cardiac myocyte necrosis and could have several distinct roles in clinical practice. 

Aim of the present study: it was to determine the serum level of highly sensitive cardiac troponin I (hs-cTnI) before 
and after pediatric cardiac catheterization (diagnostic or interventional), as a diagnostic biomarker of myocardial injury 
in these patients. Patients and Methods: a Prospective Cohort study was carried out during the period from January 
2017 to June 2018 at Pediatric Cardiology Unit and Cardiology Department, Tanta University Hospital. It included 30 
patients who were admitted and required pediatric cardiac catheterization. Doppler echo- cardiography and Estimation 
of serum highly sensitive cardiac troponin I (hs-cTnI): using the ELFA technique (Enzyme Linked Fluorescent Assay) 
was done. Results: there was highly significant increase of serum hs-cTnI levels immediately after and 12 hours after 
therapeutic pediatric cardiac catheterization (p «0.001), whereas in diagnostic pediatric cardiac catheterization there 
was no significant differences of serum hs-cTnI levels (p >0.05). There was significant negative correlation between 
serum hscTnI levels and Fractional shortening (FS) 96, and also there was significant negative correlation between 
serum hs-cTnI levels and ejection fraction (EF) % (measured by echocardiography). Conclusion: serum highly 
sensitive cardiac troponin I (hs-cTnI) was significantly increased immediately after pediatric cardiac catheterization, 
with more significant increase after 12 hours, suggesting myocardial injury in these patients. Also, elevation of this 
diagnostic biomarker of myocardial injury was more after therapeutic than diagnostic pediatric cardiac catheterization. 
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INTRODUCTION 

Cardiac catheterization has long served as the 
"gold standard" for the anatomic and physiological 
assessment of patients with CHD. Real-time fluoroscopy 
with contrast injection coupled with rapid digital 
angiography has provided the high-resolution images of 
the heart necessary for successful surgical management 
of these patients ®. 

It has been shown that after a myocardial infarction 
the heart initially releases free cTnT into the plasma. 
Later, it releases free cTnl, tertiary cTnT-cTnI-TnC 
complexes, and, occasionally, some fragments of cTnT. 
Tertiary complexes have a short half-life, since they are 
rapidly broken down into free cTnT and cTnI-TnC binary 
complexes ®. 

With advances in technology, a new era in 
troponin assays is approaching, previous-generation 
troponin assays have been used as diagnostic and 
prognostic markers in acute coronary syndrome patients 
and for risk stratification to guide triage decisions and aid 
in treatment selection. New, high-sensitivity troponin 
assays represent an important advance with added 
sensitivity for cardiac myocyte necrosis, but there 
remains a need for judicious interpretation with these 
tests 9), 

The objective of the present study was to 
determine the serum level of highly sensitive cardiac 
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troponin I (hs-cTnI) before and after pediatric cardiac 
catheterization (diagnostic or interventional), as a 
diagnostic biomarker of myocardial injury in these 
patients. 


PATIENTS AND METHODS 

This Prospective Cohort study was carried out 
during the period from January 2017 to June 2018 at 
Pediatric Cardiology Unit and Cardiology Department, 
Tanta University Hospital. It included 30 patients who 
were admitted and required pediatric cardiac 
catheterization. The study was approved by the Ethics 
Board of Tanta University and an informed written 
consent was taken from each participant in the study. 


Inclusion criteria: Infants and children aged from 6 
months to 12 years with cardiac diseases admitted for 
cardiac catheterization for diagnostic or interventional 
purposes both sexes were included. 
Exclusion criteria: Infants and children with heart 
failure, cardiomyopathy, myocarditis, acute or chronic 
infection, chronic renal failure, muscle diseases, 
neoplastic diseases, or high troponin level before 
catheterization. 

Written Informed consent was obtained from the 
parents or guardians of the child. The study was approved 
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by the Ethics Committee of Faculty of Medicine, Tanta e 


University. 

Collection of data: All infants and children were 
subjected to: 

. Complete History Taking: Including age, sex, weight, 
and onset of symptoms, course of the disease and aim of 
cardiac catheterization. 

. Thorough Clinical Examination: Including all body 
systems, vital data, general examination, chest, heart, 
abdomen, CNS, and complete local cardiac examination. 
. Investigations: 

Plain chest x- ray. 

Electrocardiography: A standard 12 lead ECG recorded 
with the machine calibrated with paper speed at 
25mm/sec and amplitude of stylus deflection at 1mV/cm. 
Standard transthoracic M-mode, two dimensional 
Doppler echocardiographic studies: performed using an 
ACUSONCV70 Echo Doppler machines equipped with 
a2.5\3.2-MHZ annular array transducer for diagnosis of 
type of cardiac disease and assessment of cardiac 
function. 

Cardiac catheterization (9. 


Estimation of serum highly sensitive cardiac troponin I 
(hs-cTnI): using the ELFA technique (Enzyme Linked 
Fluorescent Assay) ©). 


Statistical analysis 


In addition to the descriptive data, statistical 
analysis was done using IBM SPSS STATISTC 
VERSION 23 PROGRAM. Data were expressed as mean 
+ SD and analyzed using the Student's t-test, Paired (t) 
test and ANOVA test to assess the significance of 
difference in the levels between different parameters. P 
<0.05 was accepted as significant. Coefficient (r) of two 
variables was also done by using Pearson Correlation 
Coefficient (r) with P Value Calculation. 


RESULTS 
Laboratory assessments of the measured 


parameters are presented in the following tables and 
figures: 


Table (1): Demographic data of the patients 


m 


Age (years) Weight (kg) 
Mean + SD 3.43 + 2.80 Mean + SD 14.15 + 7.58 
Age category Weight category 
< 4 years 20 (66.7%) < 15 kg 21 (70.0%) 


> | > A years | >4years | | |. 10833% — | | |. 10(3339) — | 3%) 


| | ‘>ik [|  9000*$) | 


BMI category 
Females 12 (40.096) < 15 kg/m2 12 (40.096) 


18 (60.0%) > 15 kg/m2 18 (60.096) 


Length (cm) BMI (kg/m?) 
Mean + SD 93.90 + 21.78 Mean + SD 


15.61 + 2.34 


Length category 
< 100 cm — (70.0%) 


(30.0%) 


Table (1) showed the demographic data of the patients enrolled in the current study. 





Table (2): Echocardiographic diagnosis of cardiac lesions and type of cardiac catheterization 
N80 [| — 6 — | 
|. — MusuarVSD | | 6  — | 2009 | 


Echocardiographic 


diagnosis 


Fallot tetralogy 13.396 
Small PDA 13.3% 


Moderate PDA 13.3% 


Cardiac 
catheterization 


16.7% 
83.3% 
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Table (2) showed that according to echocardiographic diagnosis, majority of cases had secondum ASD with 
percentage 40%, whereas percentage of cases with muscular VSD was 20% and percentage of fallot tetralogy cases, 
small PDA cases, and moderate PDA cases was 13.3%. Also, according to type of cardiac catheterization, percentage 
of therapeutic cardiac catheterization was 83.3% whereas diagnostic cardiac catheterization was 16.7%. 


Table (3): Echocardiographic data of the patients 


GINE MEME No. = 


-30 
| Estimated pulmonary artery pressure (mm Hg) | | 
| Pulmonaryarterypresurecategory (00) | S | 

m — "-— A ——MT 
| FScategory [oc] 
| EF® oo 
| EFeategry ——— [oc] 


Table (3) showed that the mean estimated pulmonary artery pressure was 24.07 + 11.69 mm Hg, the mean F.S 
was 39.34 + 5.71and the mean E.F was 65.68 + 5.08%. 


i ) 
) 
F (96) 





Table (4): Mean hs-cTnl levels at baseline, immediately after and 12 hours after cardiac catheterization 


hs-cTnI before (ng/ml) 0.008 + 0.004 ERU DENEN 





hs-cTnl immediately after (ng/ml) 0.009 + 0.004 -9.709 «0.001* 
hs-cTnI after12hrs (ng/ml) 0.013 + 0.004 -10.588 «0.001* 


P-value «0.05: Significant; P-value< 0.001: highly significant; t: Paired t- test*: P-value hs-cTnI before Vs hs-cTnI immediately 
after.**: P-value hs-cTnI before Vs hs-cTnlI after12 hrs. 


Table (4) showed that the mean serum hs-cTnI level before pediatric cardiac catheterization was (0.008 
+ 0.004 ng/ml), whereas the mean serum hs-cTnI level immediately after pediatric cardiac catheterization was (0.009 
+ 0.004 ng/ml) and after 12 hours was (0.013 + 0.004 ng/ml) , with highly significant increase of serum hs-cTnl level 
immediately after cardiac catheterization in comparison to before it (p-value« 0.001 ),also highly significant increase 
of serum hs-cTnI level after 12 hours from cardiac catheterization in comparison to before it (p-value «0.001). 
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Table (5): Comparison of serum hs-cTnl levels at baseline, immediately after and 12 hours after cardiac 
catheterization according to demographic data, echocardiographic data and type of cardiac catheterization 


(ng/ml) (ng/ml) after12hrs 

(ng/ml) P3 

Age 
5003 

Sex 
5003 

Weight 
M ER e [uas roo [onze eas [uon [xs 


VSD 0.008 + 0.005 | 0.009 x 0.004 | 0.012 x 0.004 | 0.013 | 0.004 
Secondum- 0.009 + 0.004 | 0.014 x 0.004 |«0.001 |«0.001 
ASD 0.008 x 0.004 


0.008 + 0.004 | 0.0090 £0.004 | 0.012+0.005 | 0.092 |0.092 |»0.05 
Small PDA 0.008 + 0.004 | 0.009 0.004 | 0.012 +0.003 [«0.001 | 0.110 


Moderate 
PDA 0.0112 0.004 | 0.011 +0.004 | 0.015+0.002 | 0.133 | 0.053 


Catheterization 
P D aeai [OO Toor [aoro oor [oor 0: [atm hor 
Pulmonary 
5005 
FS 
ptr on en o [xor pons 


P1: hs-cTnI before vs hs-cTnI immediately after pediatric cardiac catheterization.P2: hs-cTnI before vs hs-cTnlI after 
12 hours of pediatric cardiac catheterization.P3: comparison of hs-cTnI between different demographic and 
echocardiographic data. 





Table (5) showed that there was highly significant increase of serum hs-cTnI levels immediately after and 12 
hours after therapeutic pediatric cardiac catheterization (p «0.001), whereas in diagnostic pediatric cardiac 
catheterization there was no significant differences of serum hs-cTnI levels (p >0.05). also, there was no significant 
differences of serum hs-cTnI levels according to age, sex, weight , pulmonary artery pressure, EF % or FS 96 (P >0.05). 
Also, there was no significant differences of serum hs-cTnI regarding type of cardiac lesions (p >0.05). 
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Figure (1): Correlation between serum hs-cTnI levels at Figure (2): Correlation between serum hs-cTnI levels at 
baseline before cardiac catheterization and FS%. baseline before cardiac catheterization and EF %. 
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Figure (4): Correlation between serum hs-cTnI levels 


Figure (3): Correlation between serum hs-cTnI levels 
immediately after cardiac catheterization and EF %. 


immediately after cardiac catheterization and FS %. 


2124 


Serum Highly Sensitive Cardiac Troponin I (hs-cTnI)... 





02004 
ee 
e. . . 
01754 
e . 
EM A 
Mg 
N 
9 0150] M. eo . 
E x 
E ^w. e 
v i 
E <9 e. 
= 0125 lcd 
£ . eo 
u i t 
= . bu 
ist 
01004 e . . TE 
i" 
. e . S 
. iN 
00754 T 
AS 
e 











T T T T T T T 
30.00 35.00 40.00 45.00 50.00 55.00 60.00 
F.S 





02004 
. e 
ee e 
01754 
. e 
E . 
~ 
w 01507 ene e e 
È 4 
= ‘N 
7 ~ 
- ^d . 
g 
E ~ e 
= 0125] NS 
E . id 
0 S 
I Naa 
Mi 
004 . e œ e N 
Ed 
ee 7L . 
Ni 
. in 
0075] E 
e N 
. 











T T T T T 
60.00 65.00 70.00 75.00 80.00 
EF 


Figure (5): Correlation between mean serum hs-cTnl levels Figure (6): Correlation between serum hs-cTnl levels 12 


12 hours after cardiac catheterization and FS %. 


hours after cardiac catheterization and EF %. 


Figures (1-6) showed that there was significant negative correlation between mean serum hs-cTnl levels 
before, immediately after and 12 hours after pediatric cardiac catheterization with FS% , and also there was significant 
negative correlation between mean serum hs-cTnI levels before, immediately after and 12 hours after pediatric cardiac 


catheterization with EF% (P«0.05). 


DISCUSSION 

Cardiac troponin I is a sensitive and specific 
marker for detecting myocardial damage. This biomarker 
is normally not found in the circulation. Injured cardiac 
muscles release troponin from the contractile proteins 
into the blood stream. Elevated serum cardiac troponin I 
levels have been reported in 596 to 4096 of patients 
undergoing percutaneous coronary intervention (9. 

High-sensitivity cardiac troponin (hs-cTn) assays 
can measure approximately 10 times lower 
concentrations with high precision (coefficient of 
variation, «10 % at the 99" percentile of the upper 
reference limit) than conventional assays, and can 
measure cTn concentrations in at least 50 % of a 
reference population. Because high-sensitivity cTn 
assays can detect smaller amounts of myocardial injury 
within a shorter time after the onset of symptoms, they 
improve the early diagnosis, particularly early rule out of 
acute myocardial infarction (AMI). Improvements in 
analytical sensitivity have also increased the number of 
cardiac troponin (cTn) elevations in various acute and 
chronic conditions with cardiac involvement other than 
AMI”. 

Feldman et al.) indicated that cardiac troponin I 
or cardiac troponin T elevation after elective 
percutaneous coronary intervention is indicative of an 
increase in long-term all-cause mortality as well as the 
composite adverse events of all-cause mortality of acute 
coronary syndromes. The safety of diagnostic cardiac 


catheterization has been demonstrated by West et al. ? 
who showed very rare clinical complications following 
the procedure. 

In a pediatric population, Kannankeril et al. 
documented elevations in serum cardiac troponin I levels 
occurring in7/9% of cases immediately after the 
procedure, and in 86% of them six hours post-diagnostic 
cardiac catheterization. However, these elevations in 
serum cardiac troponin I have not yet been shown to be 
predictive of future adverse cardiac events. The authors 
highlighted the need for a cut-off value for the initiation 
of close monitoring for possible procedure-related 
complications where myocardial injury is suspected. 

Sharma and Jackson “” showed substantial 
elevations in serum cardiac troponin I following 
diagnostic cardiac catheterization in children. Peng et al. 
12 also determined the occurrence of myocardial injury 
due to diagnostic cardiac catheterization procedure in 
adults by 
evaluating the elevation in serum cardiac troponin I 
levels. A prospective cohort study was carried out among 
patients who underwent diagnostic cardiac 
catheterization in a tertiary hospital. Blood samples were 
collected at baseline and at 6- and 12- hours of the 
procedure to measure any changes in cardiac troponin I 
levels. Average cardiac troponin I levels at 6- and 12- 
hours following diagnostic cardiac catheterization did not 
differ according to patients’ demographic or clinical 


(10) 
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characteristics. There were no significant changes in 
cardiac troponin I levels before or at 6- and 12-hours after 
diagnostic cardiac catheterization. Therefore, they 
suggested that diagnostic cardiac catheterization does not 
appear to be associated with substantial subclinical 
myocardial injury. 

In the present study, there was significant elevation 
of serum highly sensitive cardiac troponin I (hs-cTnI) 
immediately after therapeutic pediatric cardiac 
catheterization, also there was significant elevation of 
serum hs-cTnI level 12 hours following cardiac 
catheterization. These findings are in agreement with the 
study of Kannankeril et al. °° in which 14 pediatric 
patients were included. Levels of cardiac troponin I was 
elevated in the serum from 11 of 14 (7996) cases 
immediately after the procedure, and in 12of 14 (86%) 
six hours after therapeutic cardiac catheterization. These 
findings are also near to findings of Pahl et al. ^? who 
found that most pediatric interventional catheterization 
procedures were associated with myocardial injury, as 
evidenced by elevation of cTnL, with radiofrequency 
catheter ablation (RFA) causing higher levels than other 
interventions. Conversely, most diagnostic procedures 
were associated with no detectable myocardial injury. In 
their study, seventy-three pediatric catheterizations were 
evaluated. Diagnostic procedures and interventions not 
expected to cause myocardial injury were assigned to 
group I, whereas interventional procedures expected to 
be associated with cardiac injury were assigned to group 
IL Procedures in group II were associated with 
significantly higher cTnI levels than group I. When 
compared with Peng et al. ©” study about diagnostic 
cardiac catheterization, pediatric patients seem to be at 
higher risk for myocardial injury from interventional 
cardiac catheterization. 

In the current study, the mean serum hs-cTnlI level 
immediately after or 12 hours after diagnostic cardiac 
catheterization did not differ significantly. This is in 
agreement with Kannankeril et al. °° and Peng et al. 1? 
who reported that most diagnostic procedures were 
associated with no detectable myocardial injury. On the 
other hand, a study done by Baysal et al. “ in which the 
study group consisted of 30 pediatric patients (17 males, 
13 females), undergoing diagnostic cardiac 
catheterization,18 patients(60%) had serum cardiac TnI 
levels above 0.6ng/ml, and 16 patients (5396) had serum 
CK- MB levels above 35 U/L. The cardiac TnI and CK- 
MB levels taken after the procedures were significantly 
higher than the values taken before the procedures. 

Also, a study was performed by pees et al. !* to 
assess possible myocardial injury caused by 
interventional closure of atrial septal defects (ASDs) 
compared to diagnostic catheterization by measuring 
cardiac troponin I (cTn-I). Forty patients were enrolled; 


33 ASDs were successfully closed, while in 7 cases 
diagnostic balloon sizing of the defect was performed 
only. No significant increase could be detected in patients 
with diagnostic balloon sizing. Following interventional 
closure of ASDs with Amplatzer septum/PFO occluders, 
increased cTn-I levels for several hours indicated some 
transient, reversible myocardial membrane instability 
due to the device. 

In comparison to other biochemical markers for 
myocardial injury, a study was performed by Nageh ef 
al. *9 on 109 patients to determine the most sensitive 
biochemical marker for the detection of cardiac myocyte 
damage potentially sustained during percutaneous 
coronary intervention (PCT) and to assess whether such a 
marker can be used to identify patients at increased risk 
of poor subsequent clinical outcome. CTnI had the 
highest detection rate for 
myocardial damage, with 58 cTnI-positive patients, 38 
cTnT-positive patients and 28 CK-MB-positive patients 
in the 24 hours following PCI. 

The present study showed that there was no 
significant differences of serum hs-cTnI levels according 
to age, sex, weight or pulmonary artery pressure (P 
>0.05). Also, there was no significant differences of 
serum hs-cTnl regarding type of cardiac lesions. This is 
not in agreement with Kannankeril ef al. ® who showed 
that cTnI was inversely correlated with age and weight; 
younger and smaller patients tended to have higher levels 
of cTnl The authors suggested that immature 
myocardium is more vulnerable to injury from a variety 
of causes, including surgery and cardiac catheterization 
and the patient size and age are important risk factors for 
myocardial injury after invasive cardiac procedures. 

The present study also showed that there was 
significant negative correlation between serum hs-cTnI 
levels before, immediately after and 12 hours after 
pediatric cardiac catheterization with FS% , and also 
there was significant negative correlation between serum 
hs-cTnI levels before, immediately after and 12 hours 
after pediatric cardiac catheterization with EF% 
(P«0.05), denoting 
inverse correlation between this cardiac biomarker and 
systolic cardiac function, which was mentioned in most 
researches. The potential clinical benefit of this study is 
in high lighting the need for a cut-off value for the 
initiation of close monitoring for possible procedure- 
related complications where myocardial injury is 
suspected. In such cases, the clinical relevance of high 
levels of serum cardiac troponin I found in the patients 
may be difficult to interpret unless a good knowledge of 
the expected procedure-related elevation after an 
uneventful procedure is known. Therefore, establishing a 
reference range of "expected"/normal elevation would 
allow levels of serum cardiac troponin I to be used as a 
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valid diagnostic tool to detect *unexpected/sub-clinical" 
myocardial injury following  diagnostic/therapeutic 
cardiac catheterization. 

In conclusion; serum highly sensitive cardiac 
troponin I (hs-cTnI) was significantly increased 
immediately after pediatric cardiac catheterization, with 
more significant increase after 12 hours, suggesting 
myocardial injury in these patients. Also, elevation of this 
diagnostic biomarker of myocardial injury was more after 
therapeutic than diagnostic pediatric cardiac 
catheterization. 
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